A growing body of literature suggests that exposure to infections, particularly maternal infections, during pregnancy confers risk for later development of psychotic disorder. Though brain development proceeds throughout childhood and adolescence, the influence of infections during these ages on subsequent psychosis risk is insufficiently examined. The aim of this study was to investigate the potential association between infections during childhood and nonaffective psychoses in a large population-based birth cohort with follow up long enough to include peak incidence of nonaffective psychosis. We included all individuals born in Sweden between 1973 and 1985, (N = 1 172 879), with follow up on first time inpatient care with nonaffective psychosis from age 14 years until 2006, (N = 4638). Following adjustment for differences in sex, socioeconomic status, family history of psychosis, and hospital admissions involving noninfectious, nonpsychiatric care, we observed a small but statistically significant association between hospital admissions for infections, in general, throughout childhood (0-13 years) and a later diagnosis of nonaffective psychosis, hazard ratio (HR) = 1.10 (95% CI 1.03-1.18), and this association seemed to be driven by bacterial infection, HR = 1.23 (95% CI 1.08-1.40). Bacterial infections and central nervous system infections during preadolescence (10-13 years) conferred the strongest risk, HR 1.57 (95% CI 1.21-2.05) and HR 1.96 (95% CI 1.05-3.62), respectively. Although preadolescence appeared to be a vulnerable age period, and bacterial infection the most severe in relation to psychosis development, the present findings can also indicate an increased susceptibility to hospital admission for infections among children who will later develop nonaffective psychosis due to social or familial/genetic factors.
Introduction
While the etiology of schizophrenia and other nonaffective psychoses remain elusive, they are currently believed to be caused by a genetic predisposition/vulnerability interacting with environmental exposures to interfere with brain development. 1 While no major risk alleles for these disorders have been identified, genetic risk has been consistently reported in the major histocompatibility complex (MHC) region on chromosome 6 2 enriched in genes involved in immune functions. Among various environmental factors, exposures to prenatal infections have been identified as risk factors, reviewed by Brown & Derkits. 3 Although fetal life is a crucial period of brain development, the brain development does proceed throughout childhood and adolescence, 4 and thus, the critical period for different exposures can potentially span a wider window than the fetal period alone. Accordingly, disturbances in brain maturation during childhood have also been proposed to contribute to the etiology of schizophrenia. 5 However, few studies have examined the risks associated with infections during childhood for developing psychotic illness, reviewed by Khandaker et al, 6 and hence important knowledge gaps remain. To date, we and others have concentrated only on infections in the central nervous system (CNS). It is therefore not known if CNS infections contribute to the development of psychosis later in life or if individuals who develop psychosis are more likely to have been diagnosed with such infections due to differences in susceptibility and vulnerability to infections. 7 Indeed, infections can potentially directly be involved in the later development of psychosis through mechanisms that are common to all, or certain groups of pathogens (such as viruses or bacteria), or unique to a specific pathogen. In fact, altered systemic levels of cytokines, immune modulating molecules,
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induced by a wide range of infections, are often reported in patients with schizophrenia. 8 In addition, the shared components as part of the immune response could implicate a dose-response effect by successive infections. Moreover, specific ontogenetic events occur at different ages throughout childhood, implying various consequences depending on the timing of the insult. 4 However, to the best of our knowledge, exposure to infection during specific age periods has not been investigated so far.
Hence, in light of the increasing indices of associations between various infections, and immunologic processes during brain development, and psychotic illness, we investigate the effect of any severe infection during childhood on the risk of developing psychotic disorder later in life. We further assess whether the association is general or specific for bacterial, or viral infection, or for CNS, or non-CNS infection. To identify potential windows of vulnerability, we explore exposure to severe infections during 5 age periods and risk for adult psychotic illness.
In addition, we investigate a possible dose-response relationship between multiple episodes of infection and psychotic illness.
Methods

Registers
This study is based on linkages to several registers held by Statistics Sweden and the National Board of Health and Welfare. The National Patient Register (NPR) includes virtually all inpatient care in Sweden since 1973 9 and was used to follow up the study population regarding hospitalization with infection and nonaffective psychoses. Data on perinatal variables were retrieved from the Medical Birth Register (MBR). MBR was initiated in 1973 and includes data from the prenatal, delivery, and neonatal periods from about all deliveries in Sweden (0.5%-3% missing data). 10 The Population and Housing Census (PHC) was administered every 5 years and included, by law, all individuals registered and living in Sweden with information on demographic data. 11 For the current study, we obtained data on socioeconomic status (SES) from the PHC of 1985, and 1990. The Total Population Register was initiated in 1968. 11 This basic register includes the entire Swedish population and its distribution and was used for data on year of migration.
Study Population
All children born in Sweden between 1973 and 1985 who were alive on their 14th birthday were identified in the NPR. Adopted individuals and individuals who emigrated before 14 years of age were excluded.
Assessment of Exposure
All diagnoses that arose from infection were identified in ICD-8, -9, and -10 (supplementary table 1). We omitted all codes "sequel" and "post." Somatic inpatient care with a primary diagnose of infection was identified and arranged according to age of exposure: first year of life, 1-4 years, 5-9 years, and 10-13 years. The age categories were chosen according to the timing and bulk of neurobiological processes in the brain. 4 
Psychotic Disorder
Data on subsequent inpatients care with a diagnosis of nonaffective psychoses (ICD-10 F20-29 and ICD-9 295, 297 and 298 except 298A and B) from 14 years of age were extracted from the Patient Register.
Assessment of Confounders
Considered covariates are presented in figure 1 ; male sex, 12 season at time of birth (December-May), 13 urban birth (born in municipality with ≥200 000 inhabitants 1980), 14 advanced parental age (≥35 years at time of birth, separately for mother and father), 15 migration status (parent born outside Sweden, separately for mother and father), 16 low SES (one parent unemployed, and household receiving social welfare benefits), 17 parental psychiatric history (ICD-8 290-315, ICD-9 280-319, and ICD-10 F 00-99, separately for mother and father), 18 hospitalization with other diagnoses (other than of infectious, or psychiatric origin), and maternal hospitalization with infection during pregnancy 19 (pregnancy was defined as first day of last menstruation before pregnancy up until day of delivery).
The association between these covariates and both the exposure and the outcome were examined (table 1). To decrease the bias due to confounding, but not to lose precision in the estimates, only covariates with an effect of hazard ratio/odds ratio (HR/OR) ≥1.2 on exposure and outcome, and with a prevalence ≥5%, were adjusted for in the analyses.
Statistical Methods
Several analyses were conducted: The main association investigated was the relationship between a registered diagnosis of infection during childhood, and diagnosis of nonaffective psychosis in adult life. In addition, we explored the effect of exposure at 4 different age periods and, moreover, subdivided the infection diagnoses into bacterial, viral, and other infection ("other infection" included all nonbacterial and nonviral infections, and unknown or not specified infection), and into CNS and non-CNS infection, to explore if the risk is specific. Next, we investigated whether the risk of nonaffective diagnosis increased with number of admissions with infection during childhood. To avoid double registration because of multiple visits with the same infection, we required >21 days between admissions for the same type of infection for it to be considered as a new episode.
Based on the theoretical causation model illustrated in figure 1 , and the covariates' association with both the exposure and the outcome (table 1) male sex, urban birth, parental history of psychiatric disorder, parental migration, and admission with other diagnoses were the potential confounders finally included in the adjusted models. In addition, we included admission with any infection during previous time periods in the model to take preceding infections into account.
Survival time was calculated in years, and the analyses included a single endpoint defined as the following: starting from 14 years of age until what came first of nonaffective psychosis, death, emigration, or the December 31, 2006. Hazard ratios and 95% CI were calculated by Cox regression. OR and 95% CI were calculated by logistic regression. All statistical analyses were made by IBM SPSS statistics 21.lnk.
Approval
The study was approved by the Regional Ethics Committee of Stockholm, EPN. Dnr 2010/1185-31/5. 
Results
A total of 1 172 879 children were followed up in the registers. Altogether, 4638 (0.4%) of the children were subsequently diagnosed with nonaffective psychoses. As expected, children who later developed nonaffective psychosis tended to be male, have older parents, immigrated parents, and parents with diagnoses of mental disorder (table 2). They were more often born in urban environment, brought up in a family with low socioeconomic status, and were more often admitted to hospital with diagnoses other than those involving infections or psychoses (table 2) Of the potential confounders included in the final model, individual-analyses (not shown) identified the strongest confounding effects by hospital admission during childhood with other diagnoses, and by parental psychiatric history on the association between childhood infection and psychosis risk. Adjusting for parental history of more narrow psychiatric diagnoses such as schizophrenia, nonaffective psychosis, or affective psychosis, did not have any substantial influence on the results. Neither did adjustments for maternal infection during pregnancy.
There was a statistically significantly increased risk of 10% (fully adjusted) of developing nonaffective psychoses among children who had suffered any severe infection during childhood (table 3) The risk did not differ by age at time of infection, (table 3) .
The association was strongest between hospital admission with bacterial infection, HR 1.23 (95% CI 1.08-1.40), and the later development of nonaffective psychoses. Exposure to bacterial infection during preadolescence (10-13 years) was associated with the highest risk increase, HR 1.57 (95% CI 1.21-2.05) compared with viral or other infections.
There was no major difference in risk increase between CNS and non-CNS infection with one exception, again, during preadolescence as the risk associated with CNS infection increased to HR 1.96 (95% CI 1.05-3.62). Multiple admissions with infection during childhood increased the risk of nonaffective psychoses to HR 1.37 (95% CI 1.06-1.78) for ≥4 infections (table 4) .
To test the proportional hazard assumption, we included an interaction term between exposure to infection age 0-13 and follow-up time in the model. The interaction term was not significant (P = .474).
Discussion
In the present study, we observed a small but significant association between hospital admission for infections during childhood and the later development of nonaffective psychoses. This association was strongest for bacterial infections, particularly during preadolescence. Although "other infections" is a large group of unknown origin, the results suggest that the risk increase is not mediated by factors common to all infections but rather by factors specific for bacterial infections. However, to explore the specific role of different pathogens, further analyses of register data in combination with serological and experimental studies are needed.
In this first study to investigate non-CNS infections as well as infections in the CNS during childhood, we found that these infections were equally associated with the later development of nonaffective psychosis with the exception of exposure during the preadolescence period. As mentioned earlier, previous studies on the association between childhood infections and psychoses, have with few exceptions only investigated CNS infections. Out of these, only 2 fulfill basic methodological requirements as found by Khandaker et al, our previous study, 20 and the study by Koponen et al. 21 Both these studies reported associations with viral CNS infection. Notably, our previous study had only 23 cases exposed to CNS infection, 19 to viral, and 4 to bacterial, whereas the Finnish study had 6 cases exposed to CNS infection, 4 to viral, and 2 to bacterial infection. Thus, the somewhat contradicting results with the present study may be due to insufficient numbers in the previous studies.
Preadolescence seems to be a vulnerable age period in the present study; CNS infections and bacterial infections in general were more strongly associated with future psychosis risk during this period compared with other age periods. This finding is in line with a recent meta-analysis, suggesting that Neisseria Meningitidis, a common cause of bacterial meningitis, is more prevalent among adolescents than among younger children or older individuals. 22 Long-term sequelae of bacterial meningitis relating to both cognitive and behavioral problems are being increasingly recognized, 23 suggesting a causal relation between certain infections during adolescence and the later diagnosis of psychosis. We here verify the doseresponse relation between consecutive infections and nonaffective psychosis in boys aged 0-3 recently reported by Liang & Chikritzhs and extend it to include also girls and ages 0-13. 24 While our findings suggest that infections can contribute to the development of psychosis, it is possible that these hospital admissions reflect an increased exposure, susceptibility or sensitivity to infections among individuals with other kinds of vulnerability to psychosis. Indeed, our risk estimates were attenuated by adjustment for admission with other diagnoses and parental psychiatric disease, suggesting that social factors related to exposure, as well as familial factors related to psychiatric disease, to some extent, contributed to the present findings. A Danish study recently reported that hospital treatment for infections is more common also among parents of probands in Denmark suggestive of a genetic liability to hospital admission among these individuals. 7 Moreover, we recently reported lower levels of several acute phase proteins, involved in the innate, first-line defense against microbes, in neonatal blood from individuals diagnosed with nonaffective psychosis compared with matched control subjects. 25 Taken together with an increasing literature consistently reporting genetic risk for psychiatric disorders in the MHC regions, 2 these findings suggest that individuals who will later develop nonaffective psychosis might exhibit subtle immune deficiencies that render them more susceptible or vulnerable to early-life infections. The key question is obviously if some of these infections are Hospital admission with all diagnoses except a diagnosis of infection or a psychiatric diagnosis. Adjusted for male sex, urban birth, parental migration, parental psychiatric history, hospital admission with other diagnoses, and infection during previous time periods. causally involved in the development of psychosis. While this remains to be established, it is interesting to note that infections of neonatal wild-type mice and mice genetically deficient in MHC presentation suggest that immune function is critically involved in determining the long-term outcome of the infection in terms of cognitive abilities and sensorimotor gating in adult mice. 26 
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Limitations
In register-based studies, incomplete reporting and crude exposure information is a limitation. However, registered diagnoses of psychotic disorders, including schizophrenia have proved to be reliable. 27, 28 The validity of infectious disease diagnoses in the NPR is high. Among diagnoses that include false positive registrations, the majority are anyhow a diagnosis of infection. 29 Nevertheless, considering this misclassification risk, the association between specific infections and subsequent psychotic disorder has to be interpreted with caution.
The exposure included hospital treated infections, hence, probably only severe infections. The majority of infections do not require hospital care, resulting in misclassification and a plausible underestimation of the association.
Conclusion
We here report a small association between hospital admissions for infections in general throughout childhood and a later diagnosis of nonaffective psychosis. While bacterial infection and CNS infections during preadolescence appeared to confer the strongest risk, we cannot exclude that our present findings indicate an increased susceptibility to hospital admission for infections among children who will later develop nonaffective psychosis.
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